cAMP was ‫-6ف‬fold greater in the ⌺1278b strain grown on agar plates than in liquid culture, and this is consistent with the hypothesis that the Ras/cAMP pathway is Figure 1E ). The increase in active Kss1 correlated with increased Kss1 protein and resistance to stress. These effects are dependent on Kss1 and Ras2. Activation of Kss1 by a hyperactive ( Figure 1E ) and was only partially reduced by a mutation in the Tec1 transcription factor ( Figure 1F ) that upreguSte11 MAPKKK also increases cAMP, but mating receptor/scaffold activation has little effect and may lates the KSS1 gene and is regulated by Kss1 [19]. Kss1 was only slightly basally activated in the fus3K42R strain therefore insulate the MAPKs from cross-regulation. Catalytically inactive Fus3 represses cAMP by block- (Figure 1E ), similar to that of another mutant, fus3-211 ( Figure 1F) [21] was used to test whether activation of Kss1 increases cAMP levels. STE11-4 increased the activity of
We determined whether the changes in cAMP levels that the mating Fus3/Kss1 MAPK cascade cross-regulates the Ras/cAMP pathway during growth [9] and in the fus3⌬ and kss1⌬ mutants correlated with changes in the status of the remaining MAPK. Immunoblot analymating [10-13], but direct evidence is lacking. Here, we report that Kss1 and Fus3 act upstream of the sis of whole-cell extracts showed that fus3⌬ cells had elevated levels of active Kss1, whereas kss1⌬ cells had Ras/cAMP pathway to regulate survival. Loss of Fus3 increases cAMP and causes poor long-term survival wild-type levels of active Fus3 ( Figure 1E ). The increase in active Kss1 correlated with increased Kss1 protein and resistance to stress. These effects are dependent on Kss1 and Ras2. Activation of Kss1 by a hyperactive ( Figure 1E ) and was only partially reduced by a mutation in the Tec1 transcription factor ( Figure 1F ) that upreguSte11 MAPKKK also increases cAMP, but mating receptor/scaffold activation has little effect and may lates the KSS1 gene and is regulated by Kss1 [19] . Kss1 was only slightly basally activated in the fus3K42R strain therefore insulate the MAPKs from cross-regulation. Catalytically inactive Fus3 represses cAMP by block- (Figure 1E ), similar to that of another mutant, fus3-211 ( Figure 1F ) [20] . Thus, the increase in cAMP in a fus3⌬ ing accumulation of active Kss1 and by another function also shared by Kss1. Figure  1F ). The increase in Kss1 activity correlated with a 2-fold Previous work suggested that a fus3⌬ strain might have increase in cAMP levels ( Figure 1B) and a large decrease elevated levels of cAMP because it was sensitive to in glycogen accumulation ( Figure 1D) . A fus3⌬ mutation storage at 4ЊC and was also hypersensitive to heat shock further increased the level of cAMP (Figure 2A , STE11-4 and nitrogen starvation if two major G1 cyclins (CLN1 versus STE11-4 fus3⌬), whereas a kss1⌬ mutation reand CLN2) were deleted ( Figure 1A EY1119 (kss1⌬), EY940 (fus3⌬), EY1298 (STE11-4 far1⌬), EY940 ϩ pRT5 (fus3K42R URA3 CEN), BY351 (fus3-211), and CY782 (fus3⌬  tec1⌬) . (Figures 2A-2D ). Cdc25 also associated had been stripped of associated substrates ( Figure 3C ), whereas GST was not phosphorylated in a parallel exwith unactivatable Kss1AEF-MYC and catalytically inactive Fus3K42R-HA (Figures 2A-2D) . The association of periment (data not shown). Thus, Cdc25 is likely to directly associate with Kss1 and Fus3 and may be an in Kss1 and Fus3 with Cdc25 is likely to be physiologically relevant, because it was highly reproducible and devivo substrate of both MAPKs.
To test whether Fus3 negatively regulates cAMP at tected when the coimmunoprecipitations were done in both directions ([A] and [C] versus [B] and [D]) under
the Cdc25 step, we compared glycogen accumulation in fus3⌬ and ras2⌬ single and double mutants in the conditions in which the level of GST-Cdc25 matched that of Fus3-HA, which was at native levels (ExperimenW303a strain background. As expected, the ras2⌬ strain had more glycogen than wild-type, while the fus3⌬ strain tal Procedures). Thus, Cdc25 may be bound in vivo by both the active and inactive forms of the MAPKs. Fus3 had less glycogen ( Figure 4A ). The fus3⌬ ras2⌬ double mutant accumulated as much if not more glycogen than and Kss1 also associated with Gpa2 ( Figures 2E and  2F) , which positively regulates adenylyl cyclase during the ras2⌬ single mutant; this finding is consistent with Fus3 acting upstream of Ras2. Long-term survival under filamentous growth and may also interact with Cdc25 [22] . This interaction may be indirect, based on twoconditions of 2% dextrose in liquid medium is extended by mutations in adenylate cyclase [23] . Fus3 is required hybrid tests.
Kss1 and Fus3 were tested for their ability to phosfor survival on SC or YPD plates containing 2% dextrose (E.A.E., unpublished data) [9], suggesting that it is a phorylate GST-Cdc25 in immune complexes isolated from cells that had been pretreated with ␣ factor to secondary effect of increased cAMP. We therefore quantitated the long-term survival of fus3⌬ cells in liquid generate active kinase. Kss1 was efficiently activated by ␣ factor and yielded a profile of associated substrates SC medium containing 2% dextrose. Strikingly, the viability of the fus3⌬ strain over time was significantly resimilar, but not identical, to that of Fus3 ( Figures 3A and  3B, lanes 1 and 2) . This profile is in agreement with duced compared to wild-type, demonstrating that Fus3 plays a critical role in long-term survival ( Figure 4B ). To functional overlap between the two MAPKs ([9, 20] and [S15, S19], in the Supplemental Data). GST-Cdc25 was determine whether the inviability of the fus3⌬ strain was due to activation of Kss1 and increased cAMP, the surpurified from fus3⌬ kss1⌬ extracts and was added to in cAMP is predicted to enforce a developmental switch from vegetative growth to foraging.
